Introduction
A model for initiation of atresia in the hamster has been developed by Greenwald (1973) and characterized by Bill & Greenwald (1981) . Hamsters were injected with PMSG immediately after hypophysectomy on the morning of oestrus and 3 days later received an injection of antiserum to PMSG, thus, making it possible to define the onset of atresia in a synchronous population of follicles. Previous studies using this model for initiation of atresia have shown that atretic follicles incubated in vitro first lost the ability to produce oestrogens (by 1 h after anti-PMSG), and then androgens (by 2 h after anti-PMSG; Hubbard & Greenwald, 1981) . However, progesterone production increased by 4 h after anti-PMSG and was maintained for at least 72 h after the antiserum (Hubbard & Greenwald, 1981) . This pattern of steroidogenic ability was also seen with follicles incubated in the presence of LH (Hubbard & Greenwald, 1983) . It was suggested that the thecal compartment was primarily responsible for the increase in progesterone production during experimentally induced atresia in the hamster (Terranova, Martin & Chien, 1982) . The aim of the present study was to examine the steroidogenic ability of the isolated components of the follicle, theca and granulosa cells, to determine which factors contribute to the decline in oestradiol production and the increase in progesterone production seen with atretic hamster follicles.
Materials and Methods
Female hamsters (Mesocricetus auratus) were maintained on a 14 h light : 10 h dark schedule with lights on from 05 :00 to 19:00 h. At least 3 consecutive 4-day oestrous cycles were monitored before using the animals.
Hamsters were hypophysectomized between 09:00 and 11:00 h on (Wright, Collins & Preedy, 1973) and 17a-hydroxyprogesterone (Steranti Research Ltd, Hertfordshire, U.K.). The RIA procedures were identical to those previously described (Terranova, Connor & Greenwald, 1978; Johnson, 1979) . Sensitivities of the assays were 5 pg for progesterone and 17a-hydroxyprogesterone, 4 pg for androstenedione and 2 pg for oestradiol. For measurements of steroids in the incubation medium plus cell samples and in medium blanks, 100 µ were used for progesterone, 17a-hydroxyprogesterone and androstenedione assays and 100-300 µ for oestradiol assays. The inter-assay and intraassay coefficients of variation for the assays were = 7-7%. Medium containing 10 ng pregnenolone or 10 ng androstenedione without cells had no measurable oestradiol. Tests of medium containing 10 ng pregnenolone in the progesterone and 17a-hydroxyprogesterone assays, and of medium containing 10 ng androstenedione in the progesterone assay, all resulted in values between 1 and 2% of those obtained in the presence of the added steroids plus cells. These small blank values were not subtracted from the experimental results.
Statistics. Specific differences were determined by Duncan's multiple range test (Steel & Torrie, 1960) Hours after antiserum to PMSG Text- fig. 1 . The production of (a) oestradiol, (b) progesterone and (c) 17a-hydroxyprogesterone by granulosa cells incubated for 1 h with no hormone, 10 ng androstenedione/ml or 10 ng pregnenolone/ml at 0, 12 or 24 h after initiation of atresia with PMSG antiserum.
Values are mean + s.e.m., = 7 at 0 h, = 4 at 12 h and = 6 at 24 h.
Steroid production by theca from atretic follicles Thecal shells did not produce detectable levels of oestradiol at any time examined. Thecae produced androstenedione at 0 and 12 h after PMSG antiserum, but by 24 h androstenedione levels were undetectable (Text-fig. 2a ). The addition of LH resulted in increased androstenedione production by theca at 0 h (Text- fig. 2a ). At 12 h after PMSG antiserum, some of the thecae incubated responded to LH stimulation with increased androstenedione production, while the fig. 2b ). In response to LH, thecal shells produced large amounts of 17a-hydroxyprogesterone (450-550 pg/theca) at 0 and 12 h after anti-PMSG (Text- fig. 2b ). At 24 h after antiserum, 17a-hydroxyprogesterone production in response to LH was double that of 24-h control incubations but was not significantly different from 0 h control values (Text- fig. 2b ). Thecae also produced progesterone in low but detectable amounts (30-60 pg/theca) at all times examined (Text- fig. 2c ) and responded to LH stimulation with increased progesterone production at all times although the percentage stimulation above control was significantly reduced at 72 h after antiserum (Text- fig. 2c ). Until 12 h after anti-PMSG androstenedione was the dominant steroid produced by the theca.
Discussion
The increase in the production of progesterone, 17a-hydroxyprogesterone and oestradiol by granulosa cells in the presence of pregnenolone suggested that these cells contained the enzymes necessary for follicular steroidogenesis for 24 h after initiation of atresia. This occurred at a time when, as previously shown, serum oestradiol is very low (12 h after PMSG antiserum) or not detectable (24 h after PMSG antiserum: Bill & Greenwald, 1981 ; Hubbard & Greenwald, 1981) .
The addition of androstenedione to granulosa cells resulted in progesterone and 17a-hydroxyprogesterone production that was significantly greater than that seen in control incubations at 0, 12 and 24 h after PMSG antiserum (Text-figs lb & lc) . Increased progesterone and 17a-hydroxyprogesterone production in the presence of androstenedione has been observed in rat granulosa cells (Armstrong & Dorrington, 1976; Lucky, Schreiber, Hillier, Schulman & Ross, 1977; Nimrod, 1981) and pig antral follicles (Schomberg, Stouffer & Tyrey, 1976) . The mechanism by which androgen exerts its effect is not fully understood. Androgens may facilitate the ability of FSH to increase progesterone production by granulosa cells cultured for 48 h by increasing cholesterol side-chain cleavage enzyme activity (Nimrod, 1981) . In the present study, the increase in progesterone production by granulosa cells in response to androstenedione occurred (within 1 h of incubation) and the cells responded equally well at 0,12 or 24 h after antiserum. It is also possible that androstenedione competes with enzymes involved in the catabolism of progesterone, thus allowing for the apparent increase, although there is no evidence that this is the case. However, granulosa cells from follicles of pro-oestrous hamsters not pretreated with PMSG do not increase progesterone production when exposed in vitro to androstenedione (G. S. Greenwald, unpublished) .
It therefore appears that granulosa cells from atretic follicles in the hamster have the ability to produce oestradiol at 0, 12 h and 24 h after anti-PMSG as long as precursor, androstenedione or pregnenolone, is provided. Makris & Ryan (1977) have shown that granulosa cells from follicles of pro-oestrous hamsters rely on thecal androstenedione as the source of precursor for aromatization. It has also been shown that atretic follicles from rats treated for 3 or 4 days with phenobarbitone produced one-fifth as much oestradiol as do preovulatory follicles unless precursor (testosterone) was added to the incubation medium (Braw & Tsafriri, 1980 Shaha & Greenwald (1982) showing a decline in hCG and FSH binding to granulosa cells from 0 to 24 h after PMSG antiserum. Therefore, the ability of atretic follicles to produce progesterone and respond to LH after anti-PMSG (Hubbard & Greenwald, 1983 ) must be due primarily to the steroidogenic capacity of the theca.
At 12 h after PMSG antiserum, approximately half of the thecal shells examined produced a significant amount of androstenedione in response to LH. The remaining thecae in this group did not respond to LH with androstenedione production above control values. Thus, 12 h after antiserum appeared to be a critical time in the ability of theca to produce androgens in response to LH. However, thecae produce progesterone in control incubations and increased progesterone in response to LH for 72 h after initiation of atresia by anti-PMSG, and thecal progesterone production has been shown to increase as atresia developed after ovulatory delay produced by phenobarbitone injections of hamsters (Terranova et al., 1982) . LH stimulates c AMP production in atretic follicles for 72 h after PMSG antiserum (Hubbard & Greenwald, 1981) and hCG binding to theca is unchanged over this same period of time (Shaha & Greenwald, 1982) . Similarly, hCG binding to thecae from atretic rat follicles was unchanged over 4 days of ovulatory delay induced by phenobarbitone (Uilenbroek, Woutersen & Van der Se hoot, 1980) . Therefore, the thecae maintain the ability to produce progesterone even when all other steroids are undetectable and granulosa cells are essentially defunct.
The acute gonadotrophin deprivation as a result of PMSG antiserum caused a more rapid progession of atresia than that seen as a result of ovulatory delay due to daily phenobarbitone injections, although the sequence of steroidogenic events correlates well. The most notable change seen as atresia developed in both systems was the shift from follicular oestradiol production to progesterone production. This shift occurred mainly as a result of thecal progesterone production (Terranova et al., 1982; present study). In the cyclic animal, after the ovulatory gonadotrophin surge, granulosa cells and theca differentiate into primarily progesterone-producing cells and thus also display a shift from oestradiol to progesterone production. During atresia, this shift occurred in the absence of the gonadotrophin surge but only thecal cells retained the ability to produce progesterone.
Although granulosa cells began to undergo regressive changes by 4 h after PMSG antiserum (Bill & Greenwald, 1981) , the viable cells retain enzyme activity for at least 24 h after antiserum. In normal granulosa cells at pro-oestrus, neither progesterone nor 17a-hydroxyprogesterone is converted to oestradiol; a block exists at the desmolase level (G. S. Greenwald, unpublished) . This study has reaffirmed that, although granulosa cells have the enzymic ability to produce androstenedione as well as oestradiol, the theca is the major source of androgen for aromatization to oestradiol by granulosa cells. Once androstenedione production by the theca was lost, 24 h after anti-PMSG, granulosa cells also lost the ability to produce oestradiol. Although a number of changes occur during atresia, one of the key steroidogenic events may be the loss of activity of C 17,20 lyase enzyme in the theca leading to the inability of theca to supply the substrate, androstenedione, to granulosa cells.
